A novel bacterial strain, NKM-5 T , was isolated from soil of a lava forest in Nokkome Oreum, Jeju, Republic of Korea. Cells of strain NKM-5
The genus Cohnella was first proposed by Kämpfer et al. (2006) as a member of the family Paenibacillaceae within the class Bacilli, and the description has subsequently been emended by García-Fraile et al. (2008) and Khianngam et al. (2010a) . Members of the genus Cohnella are aerobic, Gram-stain-positive, endospore-forming, rod-shaped bacteria that have anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 as the major fatty acids and menaquinone-7 (MK-7) as the predominant isoprenoid quinone. At the time of writing, the genus Cohnella contained 23 species with validly published names (http://www.bacterio.net/cohnella.html; Euzéby, 1997) and two species, 'Cohenella plantaginis' and 'Cohenella humi' (Nguyen & Lee, 2014 ) that have been proposed but have not yet been validly published. Members of the genus Cohnella have been isolated from soil samples (Cohnella arctica, Jiang et al., 2012;  C. boryungensis, Yoon et al., 2012; C. damuensis, Luo et al., 2010; C. ginsengisoli, Kim et al., 2010; C. luojiensis, Cai et al., 2010; C. nanjingensis, Huang et al., 2014; C. panacarvi, Yoon et al., 2007; C. soli, Kim et al., 2011; C. suwonensis, Kim et al., 2011; C. terrae, Khianngam et al., 2010b ; C. thailandensis, Khianngam et al., 2010a ; C. xylanilytica, Khianngam et al., 2010b ; C. yongneupensis, Kim et al., 2010) , buffalo faeces (C. cellulosilytica, Khianngam et al., 2012) , a haematite ore sample (C. ferri, Mayilraj et al., 2011) , rhizosphere (C. formosensis, Hameed et al., 2013; C. rhizosphaerae, Kämpfer et al., 2014) , freshwater (C. fontinalis, Shiratori et al., 2010) , human blood (C. hongkongensis, Kämpfer et al., 2006) , a volcanic pond (C. laeviribosi, Cho et al., 2007) , industrial starch production (C. thermotolerans, Kämpfer et al., 2006) and root nodules (C. lupini, FloresFélix et al., 2014; C. phaseoli, García-Fraile et al., 2008) .
During the investigation of the bacterial diversity of soil of the Gotjawal lava forest, Jeju, Korea, strain NKM-5 T was isolated from Nokkome Oreum. Nokkome Oreum with height above sea level of 830 m is a starting area of Aewal Gotjawal, the western part of Jeju Gotjawal, and extended to Napeup with height above sea level of 90 m. 
Nokkome Oreum is quite tall and steep, and shaped like a horseshoe with the opening in the north-west. Collected soil samples were serially diluted in sterile distilled water. An aliquot (100 ml) of each serial dilution was spread on one-tenth-strength R2A (BD) and then incubated at 25 8C for 4 weeks. Strain NKM-5 T was isolated and maintained as glycerol/water suspensions (20 %, v/v) were used as reference strains. Cultivation of strain NKM-5 T and the reference strains was tested on R2A, one-tenth-strength R2A, tryptic soy agar (TSA; BD) and nutrient agar (NA; BD). For most experiments, strain NKM-5 T and the reference strains were cultivated on R2A at 25 8C for 3 days, unless stated otherwise.
Cell morphology was observed under a phase-contrast microscope (Eclipse 80i; Nikon). Motility was tested using the hanging-drop technique (Skerman, 1967) . For the observation of flagella or pili, cells were examined using a model CM-20 transmission electron microscope (Philips) after staining negatively with 1 % (w/v) uranyl acetate. Growth at 5, 10, 15, 20, 25, 30, 37, 40 and 45 8C, in the presence of 0.5 1, 2, 3, 4 and 5 % NaCl, and at pH 3.0-10.0 (in increments of 0.5 pH units) was investigated. The Clark and Lubs buffer was used to adjust the pH, as described previously (Bower & Bates, 1955) . The Gram reaction was tested by using Hucker's modification (Lányí, 1987) . Phenotypic characteristics were tested using API 50CH (with CHB/E medium), API 20NE and API ZYM galleries according to the instructions of the manufacturer (bioMérieux). Catalase activity was observed using bubble production after the addition of a drop of 3 % H 2 O 2 , and oxidase activity was determined by the oxidase reagent (bioMérieux).
According to Lee et al. (2011) , genomic DNA was prepared, and then PCR amplification of the 16S rRNA gene and sequencing were performed. The 16S rRNA gene sequence was compared with sequences retrieved from the EzTaxon server (http://eztaxon-e.ezbiocloud.net/) and GenBank/EMBL/DDBJ databases. Phylogenetic trees were reconstructed using the maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Fitch, 1971 ) and neighbourjoining (Saitou & Nei, 1987) algorithms in the MEGA 6 program (Tamura et al., 2013) . Evolutionary distance matrix was calculated using Jukes-Cantor model (Jukes & Cantor, 1969) . Bootstrap analysis (Felsenstein, 1985) was done with 1000 replicates. The DNA G+C content was determined as described by Tamaoka & Komagata (1984) .
The diamino acid in the cell-wall peptidoglycan was identified as described by Schleifer & Kandler (1972) . Isoprenoid quinones were determined as described by Shin et al. (1996) . Polar lipids were analysed as described by Minnikin et al. (1977) . The spots for polar lipids were identified by spraying with 10 % phosphomolybdic acid in ethanol (Sigma P4869) and ninhydrin. For analysis of fatty acid profiles, cells of strain NKM-5 T and reference strains were grown on R2A at 25 8C for 3 days. Fatty acid methyl esters were identified as described by Sasser (1990) , using the Sherlock Microbial Identification System (MIDI) with the TSBA database version 6.1.
Cells of strain NKM-5
T were Gram-stain-positive, oxidaseand catalase-positive, motile rods with peritrichous flagella (Fig. S1a , available in the online Supplementary Material), and formed an ellipsoidal spore in centric swollen sporangium (Fig. S1b ). Colonies were creamy white, circular, convex, semi-translucent, smooth and slimy. Growth occurred at temperatures ranging from 5 to 30 8C, at pH 6-8 and with 0.5 % NaCl. Strain NKM-5 T grew well on R2A and one-tenth-strength R2A, but did not grow on NA or TSA. The best growth of strain NKM-5 T and the reference strains was observed on R2A. Strain NKM-5 T was clearly differentiated from C. arctica NRRL B-59459 T , C. luojiensis KCTC 13733 T , C. lupini CECT 8236 T and C. thermotolerans KCTC 13053 T by differences in several phenotypic characteristics. Detailed phenotypic characteristics are presented in the species description and Table 1.
The nearly complete 16S rRNA gene sequence of 1487 nt of strain NKM-5 T was determined and compared with the corresponding sequences of members of the genus Cohnella. Strain NKM-5 T formed robust cluster with the genus Cohnella, being supported by all phylogenetic trees that were reconstructed using three tree-making algorithms (neighbour-joining, maximum-parsimony and maximum- likelihood) with a bootstrap value of 100 % (Fig. 1) . Strain NKM-5 T showed the highest 16S rRNA gene sequence similarity to C. lupini RLAHU4B T (96.9 %) and showed a similarity of 96.5 % or less to other representative members of the genus Cohnella. These similarity values are indicative of relatedness at the species level (Stackebrandt & Goebel, 1994) . The DNA G+C content of NKM-5 T was 48.3 mol%.
Strain NKM-5 T contained meso-diaminopimelic acid (meso-DAP) as the diagnostic diamino acid in the cell-wall peptidoglycan and MK-7 as the predominant isoprenoid quinone, the same as members of the genus Cohnella. The polar lipids of strain NKM-5 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, lysylphosphatidylglycerol, an unidentified phospholipid and three unidentified aminophospholipids (Fig. S2) . Three reference strains, C. arctica NRRL B-59459 T , C. luojiensis KCTC 13733
T , and C. lupini CECT 8236 T showed the same result. This profile is in agreement with the characteristics of the genus Cohnella (Kämpfer et al., 2006; García-Fraile et al., 2008) . The predominant fatty acids of strain T and the reference strains were anteiso-C 15 : 0 and iso-C 16 : 0 . Strain NKM-5 T had a relatively higher amount of anteiso-C 15 : 0 than the other reference strains. The detailed 
Cohnella terrae MX21-2 T (FJ001842)
Cohnella xylanilytica MX15-2 T (FJ001841)
Cohnella thermotolerans CCUG 47242 T (AJ971483)

Cohnella damuensis 13-25 T (EU912527)
Cohnella formosensis CC-Alfalfa-35 T (JN806384)
Cohnella panacarvi Gsoil 349 T (AB271056)
Cohnella thailandensis S1-3 T (FJ001840)
Cohnella fontinalis YT-1101 T (AB362828)
Cohnella laeviribosi RI-39 T (DQ459874)
Cohnella nanjingensis D45 T (KF479666)
Cohnella ginsengisoli GR21-5 T (EF368010)
Cohnella yongneupensis 5YN10-14 T (EF368008)
Cohnella soli YM2-7 T (GU181266)
Cohnella suwonensis WD2-19 T (GU181267)
Cohnella arctica M9-62 T (HQ315787)
Cohnella lupini RLAHU4B T (KC447383)
Cohnella collisoli NKM-5 T (KR011027)
Cohnella luojiensis HY-22R T (GQ214052)
Cohnella boryungensis BR-29 T (HM061613)
Cohnella hongkongensis HKU3 T (AF433165)
Cohnella phaseoli GSPC1 T (EU014872)
Cohnella cellulosilytica FCN3-3 T (HQ704069)
Cohnella ferri HIO-4 T (EF203083)
Bacillus subtilis subsp. subtilis NCIB 3610
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fatty acid profiles of strain NKM-5 T and the reference strains are shown in Table 2 .
In conclusion, these phylogenetic, phenotypic and chemotaxonomic data are sufficient to show that strain NKM-5 T should be classified as representing a novel species of the genus Cohnella, for which the name Cohnella collisoli sp. nov. is proposed. arabitol, L-arabitol, potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate. Acid production from inositol, N-acetylglucosamine, amygdalin, salicin, gentiobiose, D-lyxose and L-fucose is weakly positive. In API 20NE tests, positive for b-galactosidase and hydrolysis of aesculin, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease, gelatin hydrolysis and assimilation of glucose, arabinose, mannose, mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In API ZYM tests, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase and b-galactosidase activities are positive, but lipase (C14), valine arylamidase, cysteine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, agalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are negative. The predominant isoprenoid quinone is MK-7. The diagnostic diamino acid in the cell-wall peptidoglycan is meso-DAP. The polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, lysyl-phosphatidylglycerol, an unidentified phospholipid and three unidentified aminophospholipids. The major fatty acids are anteiso-C 15 : 0 and iso-C 16 : 0 .
Description of
The type strain is NKM-5 T (5KCTC 33634 T 5CECT 8805 T ), isolated from soil of a lava forest, Nokkome Oreum, Jeju, Republic of Korea. The DNA G+C content of the type strain is 48.3 mol%. *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 4 comprises iso-C 17 : 1 I and/or anteiso-C 17 : 1 B; summed feature 8 comprises C 18 : 1 v7c and/or C 18 : 1 v6c.
